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Background: Several important functions for a successful spermatogenesis are dependent on Sertoli cells
(SCs). Besides their unique characteristics as support cells, they produce essential cofactors and metabolites,
and are responsible for nurturing the developing germ cells. The continuous production of lipids, phospho-
lipids and proteins by germ cells must require high amounts of metabolic precursors. Thus, we hypothesized
that hSCs could produce acetate in a hormonally-regulated manner. Methods: hSC-enriched primary cultures
were maintained in the absence of insulin or in the presence of 17β-estradiol (E2) or 5α-dihydrotestosterone
(DHT). Acetate production was determined by 1H-NMR. mRNA gene expression levels of Acetyl CoA hydro-
lase (ACoA Hyd) and Acetyl CoA synthase (ACoA Synt) were determined by RT-PCR. Results: hSCs produced
high amounts of acetate suggesting that this metabolite should play a key role on the progression of sper-
matogenesis, namely as a metabolic precursor for the synthesis of cellular constituents. In addition, acetate
metabolism proved to be under strict hormonal regulation. In the presence of E2 or DHT, hSCs produced
different amounts of acetate. While E2 treatment increased acetate production, increasing ACoA Hyd gene
transcript levels, DHT-treated cells showed decreased acetate production, differently modulating the ratio
ACoA Hyd/ACoA Synt. Surprisingly, insulin-deprivation completely suppressed acetate production/export
and signiﬁcantly decreased the ACoA Hyd gene transcript levels. General signiﬁcance: Taken together, these
results suggest that, although hSCs are primarily described as lactate producers, the elevated production of
acetate deserves special attention, in order to clarify the mechanisms behind its hormonal regulation and
its role on a successful spermatogenesis.© 2012 Elsevier B.V. All rights reserved.1. Introduction
The Sertoli cells (SCs) are located within the seminiferous epithe-
lium creating the blood-testis barrier, which is responsible for a spe-
ciﬁc microenvironment where post-meiotic germ cell development
takes place. Thus, SCs supply the physical and nutritional supportonance; ACoA Hyd, Acetyl-CoA
n receptor; ATP, Adenosine-5’-
rotestosterone; DM, Diabetes
7β-estradiol; EDTA, Ethylene-
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lin deprivation; LDHA, lactate
; RT-PCR, reverse transcriptase
ukemia virus reverse transcrip-
Centre, Faculty of Health Sci-
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rights reserved.for germ cells. The developing germ cells are unable to use glucose
for their energy metabolism and preferentially use lactate as a sub-
strate for ATP production [1–3]. The SCs are often described as
“nurse cells” because they produce the lactate used by the developing
germ cells. Although glucose is described as the preferred substrate of
SCs, they can metabolize other substrates such as fatty acids and ke-
tone bodies [4]. Also, in the absence of glucose, the lactate production
by SCs has been suggested to occur due to aminoacids or glycogen
metabolism [5,6]. Since the spermatogenic cells that undergo differ-
entiation go through changes in their metabolism [7], it has been
suggested that there are speciﬁc metabolic signals required for the
differentiation process of germ cells to occur [8–10].
Androgens and estrogens are known to play a crucial role in testis
of mammals and particularly in SCs [11,12]. We have recently de-
scribed [13,14] that 17β-estradiol (E2) and 5α-Dihydrotestosterone
(DHT) regulate SCs metabolism by modulating glucose metabolism.
DHT-treated cells consumed less glucose and as expected produced
less lactate. Those were the ﬁrst reports showing that E2 and DHT
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levels of MCT4, a membrane protein mainly involved in lactate export
to extracellular medium [15], of GLUT3, a membrane protein involved
in glucose transport [16], and of LDHA, a subunit of an enzyme re-
sponsible for the interconversion of pyruvate to lactate [17]. We con-
cluded that E2 increased MCT4 gene transcript levels while DHT
decreased LDHA and GLUT3 gene transcript levels. More recently,
we further extended the knowledge on the hormonal regulation of
SCs metabolism by assessing the effect of the absence of insulin
[18]. In insulin-deprivation conditions, SCs differentially modulate
GLUT1 and GLUT3 gene transcript levels in order to maintain glucose
consumption. Nevertheless, insulin-deprived cells presented de-
creased LDHA and MCT4 expression levels and signiﬁcantly lower
production of lactate [18]. The data obtained in these experiments
with insulin-deprivation conditions raised several questions con-
cerning SCs metabolism, since lactate production was severely affect-
ed while extracellular glucose consumption was kept constant,
although under hormonal control.
In fact, it is well known that SCs can use various metabolites as en-
ergy sources [19] and that they are the most important testicular cells
for the conversion of essential fatty acids [20]. When labeled fatty
acids were injected in the testis, they were ﬁrstly taken and metabo-
lized by SCs [21]. Acetate has been described as a crossroad metabo-
lite and is the most common intermediate for the synthesis of fatty
acids and also of cholesterol [22]. Acetyl-CoA synthase (ACoA Synt)
is responsible for the esteriﬁcation of acetate to acetyl-CoA in the cy-
tosol and mitochondria [23,24] and, reversely, Acetyl-CoA hydrolase
(ACoA Hyd) is responsible for the re-conversion of acetyl-CoA to ace-
tate [25]. We hypothesize that SCs, due to their function as “nurse
cells”, export acetate for developing germ cells and that this acetate
production could be under hormonal regulation. To test our hypothe-
sis, we analyzed acetate production by hSCs cultured in vitro in the
presence or absence of E2 and DHT and also under insulin-
deprivation conditions. The gene expression levels of ACoA Synt and
ACoA Hyd were also determined to examine if the crossroad pathway
of acetate metabolism would be hormonally regulated.
2. Material and Methods
2.1. Chemicals
The Taq DNA Polymerase was purchased from Fermentas Life Sci-
ences (Ontario, Canada). Random primers, polyclonal antibodies and
M-MLV RT were purchased from Invitrogen (Carlsbad, CA, USA), the
dNTPs were purchased from GE Healthcare (Buckinghamshire, UK)
and Fetal Bovine Serum (FBS) was obtained from Biochrom AG (Berlin,
Germany). All other chemicals were purchased from Sigma-Aldrich
(St. Louis, MO, USA).
2.2. Patient Selection, Ethical Issues and Testicle Tissue Preparations
Testicle tissue and the clinical study of the patients were per-
formed at the Centre for Reproductive Genetics Alberto Barros
(Porto, Portugal) in accordance with the Guidelines of the Local, Na-
tional and European Ethical Committees. The testicular biopsies
were obtained from infertile patients under treatment for recovery
of male gametes and used after informed written consent. Only cells
left in the tissue culture plates after treatment of the patients were
used. Studies have been performed according to the Declaration of
Helsinki for Medical Research involving Human Subjects.
Human SCs were isolated from ﬁve testicular biopsies with con-
served spermatogenesis (patients with anejaculation psychological,
vascular or neurologic and vasectomy or traumatic section of the
vas deferens). After selection, each biopsy was collected in sperm
preparation medium (SPM-Hepes buffer; Medicult) and kept at
32 °C with 5% CO2 in air until use as previously described [26].2.3. Sertoli cell culture
Human SCs were obtained by previously described methods [14].
Culture purity was assessed by immunoperoxidase detection of SCs-
speciﬁc markers such as anti-mullerian hormone and vimentin.
Only cultures with cell contaminants below 5%, as examined by
phase contrast microscopy after 96 h, were used. The possibility of
hSCs dedifferentiation was discarded by evaluation of mRNA expres-
sion of Cytokeratin-18 (Ck-18) that is known to be only present in
immature SCs. No expression of Ck-18 was observed after or before
treatments.
2.4. Experimental groups
After hSCs reached 90-95% of conﬂuence, they were washed and
the medium replaced by serum-free medium (DMEM:F12 1:1 with
ITS supplement, pH 7.4) [Control group]. To evaluate the effect of E2
and DHT in acetate metabolism, hSCs were treated with 100 nM of
E2 [E2 group] or 100 nM of DHT [DHT group]. The total estrogen or
androgen content in the interstitial testicular ﬂuid have been de-
scribed and several works found values of estrogen ranging from 2
to 700 nM [27–29]. It has also been described that intratesticular tes-
tosterone levels can reach 4000 nM, although DHT levels are not as
high in the interstitial ﬂuid [30,31]. Therefore, these concentrations
were chosen based on previous studies by our team and others, and
also based on works reporting that in intratesticular interstitial ﬂuid
the concentrations of these hormones are higher than in circulating
plasma reaching values up to 200 nanomolar [32–35]. In order to
evaluate the effect of insulin in acetate metabolism, SC medium was
supplemented either with Insulin-Transferrin-Sodium Selenite
(10 mg/mL - 5 mg/mL - 5 μg/mL, respectively) [Control group] or
with Transferrin-Sodium Selenite (5 mg/mL - 5 μg/mL, respectively)
[InsD group].
During the experimental period, 250 μL of the culture medium
were collected for 1H-NMR analysis at different time intervals: 0-6,
6-24 and 24-48 hours. At the end of the treatment, the cells were de-
tached using a trypsin-EDTA solution and collected for RNA extrac-
tion. A viability test was performed using the Trypan Blue Exclusion
Test and the total number of cells per ﬂask was determined with a
Neubauer chamber.
2.5. NMR spectroscopy
1H-NMR spectroscopy was performed to determine acetate pro-
duction in different experimental groups during the time-course of
experiment using previously described conditions [36]. Sodium fuma-
rate (ﬁnal concentration of 2 mM) was used as an internal reference
(singlet, 6.50 ppm) to quantify the acetate in solution (singlet,
1.91 ppm).
2.6. RT-PCR
Total RNA (RNAt) was isolated from hSCs by using TRI reagent
according to the manufacturer's instructions. RNAt concentration
and absorbance ratios (A260/A280) were determined by spectropho-
tometry (NanophotometerTM, Implen, Germany) and RNAt was re-
versely transcribed using standard methods [37]. The resulting
cDNA was used to amplify Acetyl-CoA hydrolase and Acetyl-CoA
synthase cDNA fragments using exon-exon spanning primer sets
according to the conditions indicated in Table 1. The PCR reactions
were carried out in triplicate. Kidney mRNA was used as positive con-
trol and cDNA-free sample was used as negative control. The ACoA
Hyd and ACoA Synt mRNA levels were normalized with 18 S gene ex-
pression as internal control. The PCR products were separated elec-
trophoretically, stained with ethidium bromide and visualized using
a CN-TFX imaging system equipped with a monochrome CCD camera
Table 1
Oligonucleotides and cycling conditions for PCR ampliﬁcation of Acetyl CoA synthase
(ACoA Synt), Acetyl CoA hydrolase (ACoA Hyd) and 18 S. Abbreviations: AT - annealing
temperature; C - number of cycles during exponential phase of ampliﬁcation.
Gene name/
Genbank
accession
number
Sequence (5'3’) AT
(°C)
Amplicon
Size
C
ACoA Hyd/
AB078619
Sense: AGATTATGGCGTGGATGGAGAC
Antisense: GACAATGGCAGTGAAGACAAGAC
60 143 40
ACoA Synt/
AF263614
Sense: CAGAAGTGTCAGGAGAAGG
Antisense: TGCCACCACAAGTCAATC
60 150 40
18S/
K03432. 1
Sense: AAGACGAACCAGAGCGAAAG
Antisense: GGCGGGTCATGGGAATAA
56 149 25
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were measured according to standard methods, using BIO-PROFIL
Bio-1D Software from Quantity One (Vilber Lourmat, Marne-la-
Vallée, France). The obtained band density for each sample was divid-
ed by the respective 18 S band density to obtain the relative abun-
dance in each experimental condition (Control, E2, DHT and InsD
groups). Relative abundances of the E2, DHT and InsD groups were di-
vided by the relative abundances of the Control group to express the
values as fold induction/reduction of the treated groups versus the
Control.
2.7. Statistical analysis
The statistical signiﬁcance of acetate variation and mRNA expres-
sion (ACoA Hyd and ACoA Synt) among the experimental groups
was assessed by one-way ANOVA, followed by Dunn post-test. The
statistical analysis was performed using GraphPad Prism 5 (GraphPad
Software, San Diego, CA). Pb0.05 was considered signiﬁcant. All ex-
perimental data are shown as mean±SEM (n=5 for each condition).
3. Results
3.1. SCs cultured under control conditions produce high amounts of
acetate
SCs are often described as major lactate producers to the develop-
ing germ cells. Nevertheless, they are also expected to produce other
factors and co-factors important for germ cell development. Interest-
ingly, we have found that in the ﬁrst 6 hours of culture, SCs cultured
in control conditions produce 153±5 pmol/cell of acetate (Fig. 1A)
at a rate of 26±1 pmol/cell/h (Fig. 1B). This acetate production rapid-
ly decreases to 4±1 pmol/cell/h, between the 6th and 24th hour, and
to 2±1 pmol/cell/h between the 24th and 48th hour (Fig. 1B). Thus,
the ﬁnal acetate production after 48 hours was 166±9 pmol/cell
(Fig. 1A). Noteworthy, the majority of acetate was produced duringFig. 1. Acetate production (A) and acetate production rate (B) in human Sertoli cells culture
conditions. Results are expressed as mean±SEM (n=5). Signiﬁcantly different results (Pbthe ﬁrst 6 hours of culture. When studying the gene transcript levels
of ACoA Synt and ACoA Hyd, we found that in control conditions,
the ratio ACoA Hyd/ACoA Synt was 1.22±0.06 indicating that ACoA
Hyd is more expressed in control conditions than ACoA Synt (Fig. 3).3.2. DHT-treated cells produce less acetate and display decreased ACoA
Hyd gene transcript levels
It has been described that SCs under DHT treatment have altered
glucose metabolism. We expected that DHT could also modulate ace-
tate metabolism. Accordingly, DHT-treated cells produced signiﬁcant-
ly more acetate (168±3 pmol/cell) than cells from the control group
during the ﬁrst 6 hours (Fig. 1A) at a rate of 28±0.4 pmol/cell/h
(Fig. 1B). Noteworthy, this acetate production rapidly decreases be-
tween the 6th and the 24th hour, producing less acetate than control
group in this period (Fig. 1B), and remains at a basal level until the
48th hour (Fig. 1B). This change in acetate metabolism was followed
by alterations in the gene transcript levels of ACoA Hyd that were sig-
niﬁcantly decreased to 0.86±0.04 fold of control group after 48 hours
while the ACoA Synt gene transcript levels were not signiﬁcantly al-
tered (Fig. 2). Nevertheless, when looking for the ratio between
ACoA Hyd/ACoA Synt, there were no signiﬁcant alterations relatively
to the control (Fig. 3). The androgen receptor (AR) mRNA gene tran-
script level was not signiﬁcantly altered after DHT-treatment (Data
not shown).3.3. E2-treated cells show increased acetate production and ACoA Hyd
gene transcript levels
It is known that SCs under E2 treatment alter their glucose metabo-
lism to alanine production although the lactate production remained
unaltered.We could also expect that, at somepoint, E2-treated cells dis-
play alterations in acetate production. During the ﬁrst 6 hours of cul-
ture, E2-treated cells produce signiﬁcantly more acetate (197±12
pmol/cell) than cells in control group (Fig. 1A) at a rate of 33±2
pmol/h/cell (Fig. 1B). Although the acetate production rate decreased
to 4±1 pmol/h/cell between the 6th and 24th hour (Fig. 1B), at the
end of this period the acetate production was signiﬁcantly higher
(229±7 pmol/cell) (Fig. 1A) than in control or DHT-treated cells. At
the end of the 48th hour of treatment, acetate production was also sig-
niﬁcantly higher (188±7 pmol/cell) in E2-treated cells than in the con-
trol or DHT-treated cells (Fig. 1A). After the 48 hours, the ACoA Hyd
gene transcript levelswere also signiﬁcantly increasedwhen comparing
to DHT-treated cells (Fig. 2) although the ratio between ACoA Hyd and
ACoA Synt was not signiﬁcantly different between the cells from E2 and
DHT groups, nor between E2 and control cells (Fig. 3). The estrogen re-
ceptors ERα, ERβ and GPR30mRNA gene transcript levels were not sig-
niﬁcantly altered after E2-treatment (Data not shown).d in vitro in control (Ctrl), after E2 or DHT-treatment, and in insulin-deprivation (InsD)
0.05) are as indicated: * - vs control; # - vs DHT-treatment; + - vs E2-treatment.
Fig. 2. Gene transcript levels of Acetyl CoA hydrolase (ACoA Hyd) and Acetyl CoA synthase (ACoA Synt) after E2 and DHT-treatment, and in insulin deprivation conditions (InsD).
Panel A shows a representative agarose gel electrophoresis. Panel B shows fold variation of ACoA Hyd and ACoA Synt gene transcript levels relative to control, after normalization of
individual bands density with those of 18 S. The results are expressed as mean±SEM (n=5). Signiﬁcantly different results (Pb0.05) are as indicated: * - vs to control; # - vs DHT
treatment; + - vs E2-treatment; α – vs ACoA Hyd.
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Hyd/ACoA Synt ratio
Insulin deprivation has proved to modulate SCs metabolism and
transcript levels of metabolism-associated genes. In fact, insulin depri-
vation decreases initial glucose consumption, decreases lactate produc-
tion and is involved in the regulation of transcription of genes crucial for
lactate production and export. Thus, it was also expected that insulin
deprivation could modulate acetate metabolism. In fact, the production
of acetate detected in control conditions was completely supressed in
the ﬁrst 6 hours of insulin-deprivation (Fig. 1A). The suppression of ac-
etate production continued during the 48 hours of insulin-deprivation
(Fig. 1A). As expected, the acetate production rate was not different
from zero, except for the ﬁrst 6 hours where the rate was very low
(Fig. 1B). Interestingly, the insulin-deprived hSCs only produced a
very low, insigniﬁcant amount of acetate during all the 48 hours of
culture (Fig. 1A). Noteworthy, insulin-deprived cells have also
signiﬁcantly less mRNA gene transcript levels of ACoA Hyd than ACoA
Synt, (Fig. 2). The ACoA Hyd gene transcript levels decreased in
insulin-deprived cells to 0.8±0.01 fold the levels of the control group,
after the 48 hours treatment (Fig. 2). The ACoA Hyd gene transcript
levels of insulin-deprived hSCswere also signiﬁcantly lowerwhen com-
pared to E2-treated cells (1.02±0.05 fold variation to control) (Fig. 2).
The signiﬁcant lower ACoA Hyd gene transcript levels was reﬂected in a
signiﬁcantly lower ratio of ACoAHyd/ACoA Synt (0.98±0.07) than con-
trol (1.22±0.06), E2 (1.09±0.03) and DHT-treated cells (1.13±0.06)
(Fig. 3).Fig. 3. Ratio of Acetyl CoA hydrolase (ACoA Hyd)/Acetyl CoA synthase (ACoA Synt)
gene transcript levels in control conditions (Ctrl), after E2 and DHT-treatment, and
in insulin deprivation conditions (InsD). The results are expressed as mean±SEM
(n=5). Signiﬁcantly different results (Pb0.05) are as indicated: * - vs to control;
# - vs DHT treatment; + - vs E2-treatment.4. Discussion
SCs metabolism is crucial for the developing germ cells as they pro-
duce lactate, which is the preferred energy substrate for spermatocytes
and spermatids [1,2], leading to the conclusion that changes in carbohy-
dratemetabolism of SCsmay result in a compromised spermatogenesis.
In this work hSCs were obtained from individuals undergoing infertility
treatment but displaying conserved spermatogenesis. Selected patients
had conserved spermatogenesis and the cases included anejaculation
psychological, vascular or neurologic and vasectomy or traumatic sec-
tion of the vas deferens. We have recently described the metabolic
modulation induced by sex steroid hormones and insulin in SCs
[13,14,18]. One of themost interestingﬁndingswas that lactate produc-
tion, which is crucial for developing germ cells, was severely affected by
hormonal treatment.
It is also known that SCs can utilize lipids, and particularly fatty
acids, as the major source to produce energy through β-oxidation
[38] and that they can oxidize palmitate to CO2 and ketone bodies
[39]. Acetate, which is converted to Acetyl-CoA in the cytosol and mi-
tochondria by Acetyl-CoA synthase [23], is commonly described as an
intermediate for synthesis of fatty acids and cholesterol [22]. We ob-
served that, in control conditions, SCs produced and exported high
amounts of acetate (166±9 pmol/cell) to the extracellular medium.
Interestingly this acetate production was much higher than the one
described in the literature for lactate production (13.0±0.4 pmol/
cell) for hSCs cultured in the same conditions [14]. Thus, hSCs not
only produce lactate but also acetate, probably for the developing
germ cells. It is well known that lactate is the preferred substrate
for round spermatids [40] and spermatocytes [1] but the signiﬁcance
of this elevated production of acetate has not been investigated so far.
SCs are also responsible for the synthesis and export of several co-
factors that maintain spermatogenesis. And although it has been de-
scribed that in human spermatozoa there is a greater glucose oxida-
tion than acetate [41], one of the crucial processes known to occur
in the developing germ cells during spermatogenesis is a high rate
of lipid synthesis and remodeling [42,43], a process where glucose
and lipid metabolism sub-products can be utilized for the de novo
synthesis of lipids. This lipid's synthesis could be maintained by a
high concentration of acetate, as this metabolite has long been recog-
nized as a central metabolite in the synthesis of cholesterol and other
precursors essential in lipid and phospholipid composition [43,44]. It
is also well known that in some metabolically active cells, such as rat
ventral prostate cells, androgens play a crucial role in acetate incorpo-
ration into phospholipids [45]. Also, progesterone decreases the rate
of glucose and acetate uptake in slices of luteinized rat ovary [46].
These studies showed that acetate metabolism is under strict hor-
monal control in the reproductive system, where hormonal regula-
tion is crucial.
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and human [14,18] SCs is under hormonal control, but the hormonal
regulation of acetate production by those cells remained unexplored
up till now. With the work described herein, we concluded that
DHT and E2 stimulate acetate production during the ﬁrst 6 hours of
culture, although after 48 hours these hormones have a very distinct
effect. Acetate production was decreased by DHT and increased by
E2 treatment although the mRNA gene transcript levels of hormone
receptors AR, ERα, ERβ and GPR30 remained unchanged after the
hormonal treatment. The decrease of acetate production by DHT
treatment is related with a decrease on gene transcript levels of
ACoA Hyd, since ACoA Hyd is responsible for the hydrolysis of
acetyl-CoA to acetate plus coenzyme A [25]. Although these changes
on mRNA levels are not a direct measure of the protein functioning,
they clearly indicate a regulatory effect of DHT on ACoA Hyd expres-
sion and a decrease on gene transcript levels of ACoA Hyd would re-
ﬂect a decrease on acetate production. In fact, we have described
that DHT increased glucose consumption but decreased lactate pro-
duction [14]. This fact, led us to suggest that DHT-treated cells were
redirecting glucose metabolism to Krebs cycle. This hypothesis is con-
comitant with the observed decrease on acetate production, because
if glucose uptake is similar in DHT-treated and control SCs, and as in
DHT-treated cells acetate production is decreased, acetyl-CoA is not
being degraded by ACoA Hyd to acetate and coenzyme A in these
cells, leading us to suggest that acetyl-CoA is being involved preferen-
tially as a substrate for Krebs cycle. The suggestion that DHT stimu-
lates the Krebs cycle is supported by studies that showed an
increase on the activity and expression of enzymes involved in
Krebs cycle by DHT [47].
Acetate metabolism is also known to be regulated by insulin under
in vitro conditions [48] and several studies have already described a
relation between acetate and glucose metabolism, supporting a con-
version between acetate and glucose (via Acetyl-CoA) [23,49]. Inter-
estingly, as we described above, in vitro hSCs cultured under
insulin-deprivation suppressed acetate production. In our previous
studies, we concluded that hSCs cultured in insulin-deprivation con-
ditions presented a similar glucose consumption when compared
with control group (insulin available), but lactate production was se-
verely compromised in cells exposed to insulin-deprivation condi-
tions, by modulation of lactate export via MCTs and lactate
conversion from pyruvate by LDH [18]. Those results clearly pointed
to a glycolysis inhibition in insulin-deprivation conditions. We also
observed that ACoA Hyd gene transcript levels were signiﬁcantly de-
creased in insulin-deprivation conditions, which exhibit an unbal-
anced ratio ACoA Hyd/ACoA Synt in favor of ACoA Synt. In these
conditions, there is greater acetate consumption with coenzyme A,
to form acetyl-CoA, than acetate production from acetyl-CoA. Note-
worthy, acetate production is not only reduced but is indeed
suppressed. This is concomitant with a major decrease on glycolysis
as described previously by our group [18]. Thus, it seems that in con-
ditions of insulin absence SCs maintain their physiologic need for en-
ergy by switching from glycolysis, the preferred way to do it and
assure lactate for developing germ cells, to a Krebs cycle preference
that allow them to survive in these difﬁcult conditions, although
compromising the possible development of germ cells and conse-
quently, the spermatogenesis.
Our results point towards a very important role for acetate in sper-
matogenesis. Although it has been suggested that SCs produce acetate,
this is the ﬁrst report that quantiﬁes this metabolite production by in
vitro cultured hSCs.
The high amount of acetate produced in control conditions led us
to conclude that, although lactate seems to play the main role in the
energizing of the developing germ cells, acetate and acetate metabo-
lism have a probable role in producing sub-products essential tomain-
tain a high rate of lipid synthesis in the developing germ cells. Hence,
acetate may play key roles on the progression of spermatogenesis andnew experiments will be needed to test this hypothesis. Additionally,
we show that acetate metabolism is under hormonal regulation. The
steroid hormones DHT and E2, similarly to what have been described
for lactate metabolism, act in a very distinct manner. E2 increases ac-
etate production by increasing ACoA Hyd, while DHT-treated cells de-
crease acetate production, by differently modulating the ratio ACoA
Hyd/ACoA Synt. Remarkably, insulin-deprivation dramatically chan-
ged hSCs metabolism by completely suppressing acetate production
and export. This condition of insulin-deprivation roughly mimics
type I diabetes mellitus, enlightening a possible reason for the fertility
problems in individuals with this pathology. Besides the already de-
scribed alterations in lactate metabolism, we concluded in this work
that insulin is crucial for the production of acetate by hSCs in vitro.
The results presented here raise new questions and point new di-
rections towards the understanding of the hormonal control of hSCs
metabolism and thus of spermatogenesis. Co-culture experiments
are the next logical step to clarify the role of acetate on the interaction
between germ cells and SCs. The full enlightenment of the hormonal
control of hSCs metabolism is crucial to clarify the mechanisms be-
hind the numerous hormonally-dependent infertility conditions.
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